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PRISCILLA CALCULATIONS AND COMPARISON WITH DATA

I. Introduction
-~ ,The nuclear test PRISCILLA was performed as part of the Plumbbob series

of tests in the summer of 1357:3,Four objectives were" at the center of the

e Fger s f}‘,.:‘\f.r’"?;y-’f (T e

program: gKI)/bbtain overpressure annd dynamiic pressure as a function of

time and distance; (2) document the formation and history of the precursor
waveforms; (3) determine the applicability of scaling laws, and (4)
determine the validity of the pressure-distance curve in the low-pressure

W(g3»c: e
region:*\*zﬁese objectives were achieveé,énd—ae—e—fesniqj)it is possible to

S DO
PRI T

[ 3
y e
“

make a thorough comparison of numerical simulations with the experimental

.

4, .

data. Agreement between measurements and simulations builds confidence in

. ",
A

subsequent theoretical calculations. _ "zJK/’t ¥ (;)
<j§hé eve&ﬁiériscilla was simulated using/fﬁéf;;STZD code.? vThe important

physical processes such as thermal layer development and dust entrainment
were modeled. Three separate calculations with progressively more of the
pertinent physics included were completed. Results of the detailed
comparisons between these calculations and the experimental data show good
agreement, Best agreement is found by including the thermal layer and the
entrained dust. These two effects work in opposite directions. That {is,
the thermal layer is a heated region where the local sound speed is
enhanced, but the dust adds mass which tends to cool the local volume. The

former produces a strong precursor while the latter tends to weaken the

effect, By choice of the appropriate models good agreement between calcu-

lation and experiment has been achieved.

Manuscript approved February 19, 1985, )
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I1. CALCULATIONAL PROCEDURE
Shot Priscilla was a 37-kton nuclear explosion detonated 700 feet above
I the ground surface. This configuration was modeled with cylindrical (r-z)
- geometry. Constant grid separation with Ar = | meter and Az = | meter were
- chosen., Initialization of the blast flow field was taken from the 1 KT nu-
I clear standard®. The initialization took place 61 ms after disassembly,
S: which is appropriate for a blast wave at a radius of 690 feet,
o Figure 1, which is a contour plot of density, indicates this configur-
= ation. The model for the thermal layer was taken from Kuhl.* Figure 2
shows the effective sound speed versus distance for the Priscilla event,
e The sound speeds are computed from the shock time of arrival using the
E Rankine-~Hugoniot jump conditions, It i3 interesting to note that
computationally this curve provides a straightforward way to include the
hot layer near the ground, However, it represents a combination of all the
effects in the thermal layer. As the shock proceeds along the ground
surface, it encounters the previously heated ground, convectively mixed air,
and elevated and entrained dust particles, For our calculations the thermal
layer is assumed to be clean and in pressure equilibrium. This layer was
implemented in the code by defining the bottom 3 zones to have a density in-
ferred from the temperature model and consistent with pressure equilibrium,
The dust is treated as separate fluid and becomes entrained at a rate
proportional to the horizontal velocity in the first zone adjoining the

ground surface:

do o,

It is assumed that the elevated particles are at the same temperature as the

local fluid, so that the dust entrainment process adds energy as well as

S

mass (but not momentum) to the flow. The process of entrainment continues :{;{
LA
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as long as the horizontal velocity at ground level remains nonzero. By the
end of the calculation described here, approximately two kton of dust is in
the flow fleld, and the amount has almost saturated., There is no mechanism
for dust fallout,

. III. CALCULATIONAL RESULTS

The evolution of the shock structure and its interaction with the heated
layer and dust are presented in a series of contour plots at different se-
lected times, The first five figures (Figures 3-7) show density contours in
the ideal case (Priscilla without thermal layer). Distances in the figures
are given in centimeters. A window of 277 meters in the radial direction
is shown, Figure 4 shows the Mach stem, reflected shock, slip surface, and
the incident shock., At 0,686 sec., Fig. 7, the triple point has risen to a
height of 114 meters.

Figures 8-17 show the case with a heated layer but no dust. The figures
show density and pressure contours at each display time, In Fig. 8 one can
see the beginning of the precursor as the shock runs out ahead of what would
have been the Mach stem. Figure 10 at 0,298 seconds shows the considerable
detail of the very complex flow. A pronounced contact discontinuity is pre-
sent in the lower right hand edge of this figure (note its presence in den-
sity but not pressure). This represents the interface between the thermal
layer and the ambient air after the passage of the precursor shock. Compar-
ison of Fig, 10 and 11 show numerous triple points which are terminations of
the shocks produced by the reflections and rarefactions that occur as the
spherical incident shock encounters the hot thermal layer. Figures 12 and
13 reveal a large rollup behind what would normally be the Mach stem. Mov-

ing forward from this rollup is a higher-density cold jet of air, Further

evolution of the structure is seen in Figs. 14 and 15, and finally in Figs.
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16 and 17 the first triple point is at 136 meters.

The final calculation includes the effects of the dust., Figures 18-29
show total density, dust density and pressure at different times, Figures
18-20 correspond to the clean flow case, Fig. 8 and 9, and to the ideal
case, Fig., 4, Morever, the times are comparable for each set of figures,
enabling a direct comparison of the three cases. The primary difference
between this last case and the previous twe results from the presence of the
dust. The dust density contours reveal a considerable lip of dust emerging
as the large vortex develops behind the Mach stem position. In additiom,
the extra shocks that were present in the clean flow (cf.,, eg., Fig. 16 and
Fig. 29) have disappeared. Eath the outrunning precursed shock and the
shock linking the reflected shock to the upper Mach stem are missing. There
are four triple points present as one moves down along the incident shock.
The first triple point is located at 108 meters height, In Fig. 29 only two
triple points are observable, the first being at 94 meters.

IV, PRISCILLA EXPERIMENTAL DATA AND COMPARISONS

The data from the Priscilla test is contained in several reports. Ref-
erence 1 describes the basic airblast phenomena while additional data from
the Stanford Research Institute (SRI) measurements is found in Ref. 5. The
data has been assembled and is presented here in three formats. First, the
time of arrival (TOA) of the first wave (precursor) is given as a function
of ground range. The agreement between data and calculation is an indica-
tion that the choice of thermal layer and dust model is reasonable, This
should be regarded only as a crude test since TOA is one of the easiest
curves to match in airblast simulations. Second, the peak overpressure ver-

sus distance data is presented, This has long been regarded as a good test

of agreement between test data and calculations, Additionally, the dynamic

'-‘J
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pressure (0.50v%) is plotted against range as an adjunct to the overpressure
data. The values of dynamic pressure at larger ranges are uncorrected,
Figure 30a contains the TOA experimental data. The symbols denote sep~ J’u;f
arate experiments that were fielded on Priscilla. Large scatter exists in E
most of the data except for the SRI experiment, Figure 3la displays the :
peak—overpressure-versus-range data, and Fig. 32a shows the few values of -?_:_
dynamic pressure obtained. For each of the above figures the values from
the calculations are plotted on a transparent overlay. Direct comparisons
can thus be made by using Figs. 30a and 30b, Figs. 3la and 31b, and Fig. 32a

and 32b,

A more stringent comparison can be made by actually comparing the exper- T;?fi;}
imental station data. At a fixed location values of overpressure and dyna- f?_.gy
mic pressure were recorded as functions of time., The SRI data is deemed to
be more reliable and better resolved® and will be used for the comparison,

In order to condense the information each plot displays four curves.
Curve A is the ideal calculation, curve B is the clean flow, curve C is the
dusty-flow calculation and curve D is, of course, the experimental data.

The comparison first begins with Fig. 33, which displays overpressure
versus time for the 450-ft station., All three calculations A, B, and C have
approximately the same shape and TOA, 0,106 sec., Figure 34 shows the over-
pressure at the 550-ft station, Definite structure begins to appear in B
(clean) and C (dusty) while A (ideal) begins to lag in arrival time. The
data (D) at this station indicates a faster-moving signal arriving at 0.117
sec, In Fig., 35 the first indication of precursed wave is seen in the cal-
culations, The 650-ft station is approaching the point of transition to
double Mach configuration in the ideal case A. Lack of resolution in the

computational grid probably accounts for the disagreement in the arrival
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times up to this point. The precursor must develop a physical dimension

equivalent to several meters (several zone widths) before it is represented

in the three-point algorithm. Also the reduced peaks (in relation to B) are

attributable to the coarse resolution.
Figures 36 and 37 show better agreement between arrival times. Note

curves B and C compared to D, Figures 38 and 39 are at ground ranges of

1050 and 1350 feet, respectively. Negative overpressures begin to appear in

B after the arrival of the precursor and before the main compression wave,
Figures 40-4i show the 1650-ft station at 0, 3, and 10 feet, respectively.
Curves C are somewhat better in comparison to D,

Figures 41-49 detail the dynamic pressure versus time for the same sta-
tion locations as the static overpressure. Examination of Fig. 49 shows
much better agreement with C and D; curve B differs by an order of magni-
tude., The general trend shows better agreement when both dust and thermal
layer are included. Since the effects compete against each other, one need
only vary the important parameters in the models to achieve better agree-
ment, The temperature would be adjusted downward to retard the time of
arrival, while decreased dust should increase the dynamic pressure,

Ir conclusion, the event Priscilla has been simulated with a series of
calculations. The results of the calculations when compared to the actual
experimental data indicate the importance of the hot thermal layer in the
flow field, Moreover, the addition of dust to the flow is mandatory in
order to achieve reasonable agreement with the dynamic pressure. This com-
parison shows that non-ideal effects in airblast can be computed with

reasonable agreement with experimental data.
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PRISCILLA WITHAUT THERMAL LAYER
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Figure 7
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PRISCILLA  36.6 KT AT 700 FEET
TIME= 0,SE733E+0C SEC.. STE® 3501. OUMP PRISO036 PRESSURE. DYNES/CMaw2

3- 1!« / T

.oz‘

0. 11508
0. ATE LS

COTRR FAN  0.200002+08 TO Q. J00ON<C? COTRR INTERVAL &F Q.20000C.08 PTi3.3)s 0. 100r%«07 UNDLS 30U §Y Q. 100008 08

Figure 15

{
- . e e L ]
e,
I AT A AT ATAR
RSP UTRENY ¢ VT SRt I Y JROINS

e vt .
PP W A Y S S )
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